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(57) Abstract 

An electric vdude voltage converter (38) for a vdiicte having a batteiy (40) si^lymg a \mety voltage at a pan* of terminals and a 
mediod for ccmveiting power ton an electric vehicle propulsion system batteiy ton a first voltage to a lower second voltage at a rate up 
to a maximum rated cunent The converter (38) and die meOiod q>erate by a ltemarin g ly mqpplying concnt ton the batteqf (40) at the fiist 
voltage in first and second directions ttnoqgh a series connection of a ti^^ 

drawing the maximum fated cunent at die second vcdtage ton a secondary winding ^6} of die.transfomier (82), and su bs ta nt i ally fully 
cbargiDg the capacitor (80) when cunent Is supplied throng tte primary winding in die first direction and substantially fbUy disdi aig i n g 
die capadtor (80) wten cunent is 5iq)plied dirough die primary winding in die second direction. 
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ADTOMOTXVE 12-VOia* SYSTEK FOR ELECTRIC VSHICUSB 

Tbe following Iden^fled U.S. patent applications 
are filed on the sane date as the Instant application and are 
relied upon and incorporated by reference in this 
5 application. 

U.S. patent application entitled ""Flat Topping 
Concept" bearing attorney docket No. 58,295, and filed on the 
sane date herewith; 

U.S. patent application entitled ''Electric 
10 Induction Mbtor And Related Method Of Cooling" bearing 
attorney docket No. 58,332, and filed on the sane date 
herewith; 

U.S. patent application entitled "Direct Cooled 

Switching Hbdule For Electric Vehicle Propulsion Systeni" 
15 bearing attorney docket No. 58,334, and filed on the same 

date herewith; 

U.S. patent applicaticm entitled "Electric Vehicle 

Propulsion System" bearing attorney docket No. 58,335, and 

filed on the same date herewith; 
20 U.S. patent application entitled "Speed Control and 

Bootstrap Technique For High Voltage Hbtor Control" bearing 

attorney docket No. 58,336, and filed on the same date 

herewith; 

U.S. patent application entitled "Vector Control 
25 Board For An Electric Vehicle Propulsion system motor 

Controller" bearing attorney docket No. 58,337, and filed on 
the same date herewith; 

U.S. patent application entitled "Digital Pulse 
Width Modulator With Integrated Test And Control" bearing 
30 attorney docket No.. 58,338, and filed on the same date 
herewith; 

U.S. patent application entitled "Control Mechanism 
For Electric Vehicle" bearing attorney docket No. 58,339, and 
filed on the same date herewith; 
35 U.S. patent application entitled "Improved EMI 

Filter Topology for Power Inverters" bearing attorney docket 
No. 58,340, and filed on the same date herewith; 
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D.S* patent application entitled "Fault Detection 
Circuit For sensing Lealcage currents Between Power Source And 
Chassis" bearing attorney docket Ho. 58,341, and filed on the 
saaie date taerewitb; 
5 U.S. patent application entitled "Electric Vehicle 

Relay Assembly" bearing attorney docket No. 58,342, and filed 
on the same date herewith; 

U.S. patent application entitled "Three Phase Power 
Bridge Assesibly" bearing attorney docket No* 58,343, and 
10 filed on the same date herewith; 

U.S. patent application entitled "Electric Vehicle 
Propulsion System Power Bridge With Built*-Zn«»Test" bearing 
attorney docket No. 58,344, and filed on the same date 
herewith; 

15 U.S. patent application entitled "Method For 

Testing A Power Bridge For An Electric Vehicle Propulsion 

System" bearing attorney docket No. 58,345, and filed on the 

same date herewith; 

U.S. patent application entitled "Electric Vehicle 
20 Power Distribution Mbdule" bearing attorney docket No. 

58,346, and filed on the same date herewith; 

U.S. patent application entitled "Electric Vehicle 

Chassis Controller" bearing attorney docket No. 58,347, and 

filed on the same date herewith; 
25 U.S. patent application entitled "Electric Vehicle 

System Control unit Housing" bearing attoimey docket No. 

58,348, and filed on the same date herewith; 

U*S. patent application entitled "Low cost Fluid 

Cooled Housing For Electric Vehicle system Control Uhit" 
30 bearing attorney docket No. 58,349, and filed on the same 

date herewith; 

U.S. patent application entitled "Electric Vehicle 

Coolant Pump Assembly" bearing attorney docket No. 58,350, 

and filed on the same date herewith; 
35 U.S. patent application entitled "Heat Dissipating 

Transforxoer Coil" bearing attorney docket No. 58,351, and 

filed on the same date herewith; and 
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U.S. patent; application entitled "Electric Vehicle 
Battery Charger" bearing attorney docket No. 58,352, and 
filed on the same date herewith. 



5 Field of t^** TTTY»^t±on 

She present invention relates to an electric 
vehicle and, more particularly, to a method and apparatus for 
providing automotive 12*-volt electrical power from an 
electric vehicle battery. While the invention is subject to 
10 a wide range of applications, it is especially suited for use 
in electric vehicles that utilize batteries or a combination 
of batteries and other sources, e.g., a heat engine coupled 
to an alternator, as a source of power, and will be more 
particularly described in that connection. 

15 Diegnfifiicm of ^ h*^ Bf»l ^tcd Art 

The internal combustion vehicle has long supplied 
an Important share of the world's transportation needs. 
However, it is inevitable that petroleum reserves lAiich 
supply fuel for the global internal combustion vehicle fleet 

20 will sooner or later decline to a point ^Aiere the cost of 
fuel for internal combustion vehicles becomes unacceptable. 
Another factor clouding the future of internal combustion 
vehicles is the ever mdre stringent regulation of exhaust 
emissions from such vehicles. These and other factors have 

25 led to increasing efforts to develop a commercially viable 

alternative to the internal combustion vehicle which uses an 
electric propulsion system. 

For an electric vehicle to be commercially viable, 
its costs and performance should be competitive with that of 

30 its internal combustion counterparts. Moreover, an electric 
vehicle must be reasonably compatible with existing internal 
combustion vehicles so that potential customers will find a 
comfortable and familiar environment within the electric 
vehicle. 
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Conventional vehicles include an incredible array 
of relatively inexpensive accessories that operate from a 12*!- 
volt power source. These accessories include radios, CD 
players, headlights, clocks, fan motors, windshield wipers, 
5 telephones, two-way cosoainications radios, plug-in options, 
and others. She electric vehicle nust therefore provide a 
12-^olt system for operation of such accessories* l!his 12- 
volt system must be provided in addition to the high-voltage 
(200-600 volt) system from which the electric vehicle 

10 propulsion system operates. 

It has been proposed to provide the electric 
vehicle with a 12^volt electrical system identical to the 
system of conventional internal combustion vehicles, 
including a 12-volt battery, and to recharge the 12^volt 

15 battery when the high voltage batteries recharge. However, 
this proposal is not practical because the electronic 
coB^tonents of the vehicle propulsion system require 12-volt 
power to operate and the loading upon the 12-volt system is 
thus unpredictable. For example, the headlights may or may 

20 not be on, the fan or windshield wipers may or may not be in 
use, or the vehicle may be at rest with no load vcpon the high 
voltage system irtiile the 12-volt system is heavily loaded. 
Another solution for providing a I2«^lt system in an 
electric vehicle is to employ a small 12-volt battery charger 

25 that operates from the hi^ voltage battery, thereby 

maintaining charge on the 12-volt battiary. This proposal is 
also imacceptable, however, again because of the hi0i 
variable load which can exdLst on the 12-volt system. 
Ctacertainty surrounding the timing and extent of load upon 

30 the 12-volt system means that a 12-volt battery charger 

operating from the high voltage battery must be capable of 
sustaining at least the maximum continuous load expected. 
This changes the requirement from a small battery charger to 
a full equivalent of the conventional internal combustion 

35 vehicle cU^temator. 

The considerations noted above indicate that a 12- 
volt battery is not necessarily an essential component of a 
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12«-volt electrical system. The main function of a large 12- 
volt storage battery in internal combustion vehicles is to 
provide power for starting the engine. Since electric 
vehicles do not require "starting" in the same Wfin n er as 
internal combustion engines, a large 12-^volt storage battery 
can be omitted if a DC/DC converter can be provided ^diich 
supplies not only the continuous load of the 12-volt 
electrical system, but also the peak loading. 

In order to satisfy the reqpiirements of a l2^volt 
10 electrical system for an electric vehicle, a DC/DC converter 
must be snrovided vhich provides a 12-^olt regulated output. 
Zhe converter must be not only inescpensive but must Tna4Ti'i-a4n 
regulation in the face of widely varying loading requirements 
of, for example, no load to lOO amperes. In order to prevent 
15 undesirable discharge of the high voltage battery or damage 
to con^onents of the vehicle's electrical system, the DC/DC 
converter must provide current limiting begixming at 
approximately 100 amps. Itoreover, the converter must provide 
a regulated 12-volt output in the face of a widely varying 
20 input voltage of, for example, 230 volts to over 400 volts. 
A further reqpiirement is that the output of the system must 
be galvanically isolated from the high voltage battery to 
provide for a safe operation. Existing apparatus and if if»t hrKlB 
fail to meet the requirements set forth above. ^ 

25 SnMMMY OP THE XUVKNTIOM 

Accordingly, the present invention is directed to 
methods and apparatus for providing a 12-volt electrical 
system in an electric vehicle that substantially obviates one 
or more of the problems caused by limitations and advantages 

30 of the related art. 

Features and advantages of the invention will be 
set forth in the description which follows, and in part will 
be apparent from the description, or may be learned by 
practice of the invention. The objectives and other 

35 advantages of the invention vill be realized and attained by 
the method and apparatus particularly pointed out in the 
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vritten description and claias of the present application, as 
veil as the appended drawings. 

To achieve these axul other advantages in accordance 
with the purpose of the invention, as embodied and broadly 
5 described, the invention provides an electric vehicle voltage 
converter for a vehicle having a battery supplying a battery 
voltage at a pair of teminals. The converter provides DC 
ou^ut current up to a mayimum rated current at a voltage 
below the battery voltage. The converter includes first and 

10 second input power conductors for coiqpling to the battery 

terminals. First and second electronic switching devices are 
provided, each coaq^ising a control terminal and first and 
second switching terminals. The first switching terminal of 
the first electronic switching device is coi^>led to the first 

15 input po%rer condixctor and the second switching terminal of 
the second electronic switching device is coi^led to the 
second input power conductor. The second switching ^^rmlnffl 
of the first electronic switching device is coupled to the 
first switching terminal of the second electronic switching 

20 device. 

The converter further includes a first capacitor 
having a first capacitance and first and second capacitor 
terminals, the second capacitor terminal being coupled to the 
second input power conductor. An output transformer having a 

25 primary winding including first and second primary terminals 
and a secondary winding is provided. The first primary 
terminal is coi^led to the second switching terminal of the 
first electronic switching device and the first switching 
terminal of the second electronic switching device. The 

30 second primary terminal is coiq;>led to the first capacitor 

terminal. The converter further includes an output rectifier 
circuit coupled to the secondary winding and having an outqput 
terminal providing xx: output current. 

Finally, a control circuit is provided which is 

35 coiQ>led to the control t,ftoiinnls of the first and second 
electronic switching devices for activating the control 
terminals to altematingly switch the first and second 
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electronic switching devices at a variable rate in accordance 
vith output current demanded from the secondary winding to 
altematingly supply current to and withdraw current from the 
first capacitor. The first capacitance has a value such that 
the first capacitor is substantially fully cheurged and 
substantially fully discharged idien the control circuit 
operates the first and second electronic switching devices at 
a rate to deliver the mnximmn rated current. 

In €mother aspect, the invention provides a method 
for converting power from an electric vehicle propulsion 
system battery from a first voltage to a lower second voltage 
at a rate up to a may i mum rated current* The method 
comprises the steps of altematingly supplying current from 
the battery at the first voltage in first and second 
directions throtagh a series connection of a transformer 
primary winding and a capacitor, simultaneously drawing the 
maxlminn rated current at the second voltage from a secondary 
winding of the transformer, and substantially fully charging 
the capacitor when current is sillied through the primary 
winding in the first direction and substantially fully 
discharging the capacitor when current is supplied through 
the primary winding in the second direction. 

It is to be understood that both the forgoing 
general description and the following detailed description 
are exemplary and explanatory, and are intended to provide 
eaq^lanation of the invention as claimed. 

BRIEF nRSCRTPTTOH OF TOE DRAWINGS 

The accompanying drawings, irtiich are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this specification, 
illustrate a presently preferred embodiment of the invention 
and, together with the descriptions, serve to eaqilain the 
principles of the invention. In the drawings: 

Fig. 1 is a block diagram of an electric vehicle 
propulsion system in accordance with a preferred embodiment 
of the invention; 
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Fig. 2 is a power distribution diagram of the 
electric vehicle propulsion system of Fig. 1; 

Fig. 3 is a functional diagram of the electric 
vehicle propulsion system of Fig. l; 

Fig. 4 is a diagram, partially schematic and 
partially in block form, of the DC/DC converter shovn in 
Figs. 1-3; 

Fig. 5 is an electrical schematic diagram of the 
bootstrap circuit shovn in Fig. 4; and 

Fig. 6 is an electrical schematic diagram of the 
gate drive circuit of Fig. 4. 

DESCRIPTION OF THE PREFE RRED EMBODIMgliT 

Reference will now be made in detail to a present 
pxref erred embodiment of the invention, an example of vhich is 
15 illustrated in the accosqpanying drawings. 

As shown in Fig. 1, there is provided in an 
electric vehicle propulsion system 10 cosqarising a system 
control unit 12, a motor assembly 24, a cooling system 32, a 
battery 40, and a DC/DC converter 38. The system control 
20 unit 12 includes a cold plate 14, a battery charger 16, a 
iBotor controller 18, a power distribution module 20, and a 
chassis controller 22. The motor assembly 24 includes a 
resolver 26, a motor 28, and a filter 30. The cooling system 
32 includes an oil pump unit 34 and a radiator/fan 36. 
25 Fig. 2 is a power distribution diagram of the 

electric vehicle propulsion system 10. As shown in Fig. 2, 
the battery 40 serves as the primary source of power for the 
electric propulsion system 10. The battery 40 cosqurises, for 
example, a sealed lead acid battery, a monopolar lithium 
30 metal sulfide battery, a bipolar lithium metal sulfide 
battery, or the like, for providing a 320 volt output. 
Preferably, the electric propulsion system 10 works over a 
wide voltage range, e.g., 120 volts to 400 volts, to 
acconnnodate changes in the otxt^pofc voltage of the battery 40 
35 dne to load or depth of discharge* However, the electric 
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vehicle propulsion system 10 is preferably optimized for 
nominal battery voltages of about 320 volts. 

The pover distribution module 20 is coupled to the 
output of the battery 40 and includes, among other things, 
, 5 fuses, wiring, and connectors for distributing the 320 volt 
output from the battery 40 to various coinponents of the 
electric vehicle propulsion system 10. For example, the 
power distribution module 20 distributes the 320 volt output 
from the battery 40 to the motor controller 18 , the DC/DC 

10 converter 38, the oil punp unit 34, and the battery cdiarger 
16. The pover distribution module 20 also distributes the 
320 volt output from the battery 40 to various vehicle 
accessories, which are external to the electric vehicle 
propulsion system 10. These vehicle accessories include, for 

15 exan^le, an air conditioning system, a heating system, a 
power steering system, and any other accessories that may 
require a 320 volt power supply. Additional details 
concerning the power distribution module 20 are disclosed in 
copending U.S. Patent Application Serial No. " 

20 (Westinghouse Case No. 58,346) entitled "ELECTRIC VEHTCLE 
POWER DZSTRZBOTXON MODULE" filed on the same day as this 
application. 

The DC/DC converter 38, which, as described above, 
is coupled to the 320 volt output of the power distribution 

25 module 20, converts the 320 volt output of the power 

distribution module 20 to 12 volts. The DC/DC converter 38 
then supplies its 12-^lt output as <q9erating power to the 
battery charger 16, the motor controller 18, the chassis 
controller 22, the oil pump unit 34, and the radiator/fan 36. 

30 The DC/DC converter 38 also supplies its 12--volt ou^mt as 
operating power to various vehicle accessories, which are 
external to the electric vehicle propulsion system 10. These 
vehicle accessories include, for example, vehicle lighting, 
an audio system, and any other accessories that may require a 
' 35 12*-volt power supply. It should be appreciated that the 

DC/DC converter 38 eliminates the need for a separate 12-volt 
storage battery. Additional details concerning the DC/DC 
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converter 38 are disclosed in copending U.S. Patent 

Application Serial Mo* (Westinghouse Case Mo. 

58,351) entitled "HEAT PISSIPATING TRAMSFORMER COIL" filed on 
the saioe day as this application. 
5 As shovn in Fig. 3, the coaiponents o£ the electric 

vehicle propulsion system 10 are interconnected via various 
data busses. The data busses can be of the electrical, 
optical, or electron-optical type as is known in the art. 

The battery charger 16 receives conoDand signals 

XO from and sends status signals to the motor controller 18 for 
charging the battery 40. The battery charger 16 provides a 
controlled battexry charging current from an external AC power 
source (not shown in Fig. 3). 

Referring now to Fig. 4, there is shown a diagram 

IS of the DC/DC converter 38 of Figs. 1*3 connected to the 

battery 40, which sillies 320 volts of DC at its plus and 
minus terminals. The converter 38 includes a pair of input 
power conductors 50 and 52 which are coupled to the terminals 
of the battery 40. A capacitor 54, preferably a metalized 

20 polypropylene capacitor, is coxmected across conductors 50 
and 52. The function of the capacitor 54 is to filter out 
high frequency components. A bootstrap power stqpply circuit 
56 is also connected across the input power conductors 50 and 
52. The bootstsrap power supply circuit 56 provides start-^ip 

25 operating power at an output terminal 58 for remaining 

components of the converter 38. This is required because the 
converter 38 is the sole source of 12-volt operating power 
for all coiqionents in the entire electric vehicle system 10. 

The converter 38 includes a 12-^volt input terminal 

30 60 from which converter 38 draws operating power during 
conditions other than initial start-up. A diode 62 is 
connected between the input terminal 60 and the bootstrap 
output terminal 58 to block the flow of operating power from 
the bootstrap power siqoply circuit 56 to the remainder of the 

35 vehicle 12«-^lt system. 

The converter 38 includes a pair of electronic 
switch devices 62 and 64. In the preferred embodiment, the 
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switching devices 62 and 64 each include a type ZZTN36N60 
hi^ voltage switching field effect transistor (FET) 
commercially available from the ZXYS Corporation of S€ui Jose, 
California* The voltage rating of switching devices 60 and 
, 5 62, in the preferred embodiment, is 600 volts and the current 
rating is 36 amperes* Devices 62 and 64 include a first 
switching terminal 66, 68, respectively, and a second 
switching terminal 70, 72, respectively. The switching 
devices 62 and 64 each inclxide a control terminal 74, 76, 

10 respectively. The switching terminal 66 is connected to the 
first input power conductor 50 and the switching terminal 72 
is connected to the second input power conductor 52. 

The converter 38 includes capacitors 78 and 80 
connected in series across the input conductors 50 and 52. 

15 The converter 38 further includes an ou^nit transformer 82 

having a primary winding 84 and a secondary winding 86. The 
primary winding 84 is connected between the junction of 
ci^citors 78 and 80 and the junction of switching terminals 
68 and 70. 

20 In the preferred embodiment, the ou^mt transformer 

82 comprises a step-*down transformer with a 6:1 turns ratio. 
The primary winding 84 includes 18 turns of 0.005 inch thick 
by 1.90. inch wide copper foil, which is sli^tly smaller than 
an equivalent AH&-9 wire size, wound upon a core having a 

25 shape of tvo ''B's" and an initial permeability of 2500 at 
250C. The secondary winding 86 includes a center tap 88 
connected to a circuit common connection 90. Sach portion of 
the secondary winding 86 includes three turns. 

In the preferred embodiment, the capacitor 54 

30 comprises a 2.2 microfareui metalized polypropylene capacitor. 
In the preferred embodiment, the capacitors 78 and 80 each 
coaqprise three 0.1 microfarad metalized polypropylene 

* capacitors connected in parallel. 

The secondary winding 86 is connected to an ou^^t 

• 35 rectifier circuit 92. The output rectifier circuit 92 

includes an output terminal 94 which provides 12*-volt DC 
output current at a mawimnm rated current of 100 amperes in 
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the preferred eabodiaient. Tbe rectifier circuit: 92 includes 
a pair of diodes 96 and 98 having respective anodes connected 
to opposite ends of the secondary winding 86 and cathodes 
connected together and to a first terminal of an output 
5 inductor 100. She other terminal of the inductor 100 is 
connected to the output terminal 94 and to an output 
capacitor 102. The other end of the capacitor 102 is 
connected to the circuit common connection. In the preferred 
embodiment, the output inductor 100 comprises a 5 microhenry 
10 inductor and the output capacitor 102 coaiprises a pair of 

1800 microfarad aTtnwiwiwn electrolytic capacitors connected in 
parallel • 

She converter 38 includes an enable terminal 104 
for receiving an enable signal from a Battery Energy 

15 Management system (BEMS) generated on the motor 

controller 18. She enable input terminal 104 is connected to 
a logic circuit 106, the output 108 of which is connected to 
an enable terminal 109 of a ccmtrol circuit HO* Control 
cixrcuit 110 includes a voltage sense input terminal 111 

20 connected to the input terminal 60* An ou^^t t,ftrminal 112 
of the control circuit 110 is supplied to a drive circuit 
114. 

The converter 38 functions as an inverter circuit 
in which siiitching devices 62 and 64 are altematingly 

25 switched on and off to conduct current from the input 

conductors 50 and 52 through the primary winding 84 of the 
transformer 82« This iurbion induces current through the 
secondary winding 86 which is rectified by the diodes 96 and 
98 and filtered by the inductor 100 and capacitor 102 to 

30 provide regulated 12-volt DC output power at the output 
terminal 94 iqp to a maximum rated current of 100 amperes. 

Preferably, the control circuit 110 camprisBB a 
resonant control circuit. In the preferred embodiment, 
control circuit 110 comprises a type nC2860Dff resonant 

35 Inverter control chip commercially available from the 

Unitrode Integrated circuits Corporation of iterrimack. New 
Hampshire. 
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Fig. 5 shovs an electrical schematic diagram of the 
bootstrap circuit 56. Tbe bootstrap circuit 56 includes a 
pair of input terminals 120, 122 respectively connected to 
the input pover conductors SO and 52 of the converter 38. 
5 The bootstrap circuit 56 includes a transformer having a 

primary winding 124 and secondary windings 126, 128, 130, and 
132. Xhe bootstrap circuit 56 also includes a pair of 
switching field effect transistors (FETs) 134 and 136. OShe 
bootstrap power supply circuit 56 also includes a cutoff 

10 circuit cofliprising an FET 138* Resistors 140 and a zener 

diode 142 are connected in series across the input teninals 
120 and 122* A control terminal of FET 138 is connected to 
the junction of the resistors 140 and the zener diode 142. 
Current flow thjraugh the resistors 140 and the zener diode 

15 142 turns on the FET 138 when conductors 120 and 122 are 
initially connected to the battery 40. 

Switching terminals of the FET 134 are connected in 
series with the primary winding 124 and a capacitor 144* By 
action of resistors 146 connected to a control terminal of 

20 the FET 134, FET 134 is rendered conductive such that current 
flows from the input conductor 120 through the switching 
terminals of the FET 134, the primary winding 124, the 
capacitor 144, and the switching terminals of. the FET 138 to 
the input terminal 122. 

25 current flow through the primary winding 124 

induces current flow in the secondary winding 128, lAich 
tends to render the FET 134 even more conductive. Thus, more 
current flows through the primary winding 124. At the same 
time, current is induced in the opposite direction in the 

30 secondary winding 126, thus tending to render the FET 136 
nonconductive • 

Current continues to increase through the primary 
winding 124 and charging capacitor 144. However, before the 
capacitor 144 is fully charged, the primary winding 124 

35 saturates. Once it saturates, the magnetic field induced by 
the primary winding 124 begins to collapse, reversing the 
current flow through the secondary winding 128. This tends 
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to render the FET 134 nonconductive. At the same tise, 
current flow is revarsed through the secondary winding 126, 
which tends to render the FET 136 conductive. The 
capeuiitor 144 then discharges through the primary winding 124 
to reinforce the nonconductive state of the FET 134 and the 
conductive state of the FET 136. This action continues until 
the prinary winding 124 again saturates, resulting once again 
in reversal of the conductivity states of the FETs 134 and 
136. 

C urre nt flow in alteamate directions through the 
primary winding 124 also induces alternating current flow 
through the secondary windings 130 and 132. This current is 
rectified by diodes 148 and 150, filtered by a capacitor 152 
and limited by a zener diode 154 to render a l2^volt DC 
output upon the bootstrap output terminal 56. 

As seen in Fig. 5, the bootstrap simply circuit 
includes a detector circuit cos^ising a comparator 160. The 
comparator 160 has a first terminal connected through the 
diode 62 to the input power terminal 60 and a second terminal 
coupled to the circuit common connection 90. An output of 
the cdoparator 160 is connected to an optoisolator 162 
connected across the control terminal of the FET 138. fOien 
the voltage of the eactemally supplied operating power 
appearing on the input terminal 60 rises above a 
predetermined value (in the preferred embodiment, 10 volts) 
the comparator 160 activates the optoisolator 162 thereby 
rendering the FET 138 nonconductive. The optoisolator 162 
and FET 138 thus constitute a cutoff circuit for deactivating 
the bootstrap power supply. 

Referring now to Fig. 6, there is shown a detailed 
electrical schematic diagram of the drive circuit 114. A 
pair of input terminals 160 and 162 are connected to the 

ou^mt terminals 112 and 113 of the control circuit 110. The 

* 

input terminals 160 and 162 are connected through resistors 
164 and 166 to the input of a dual gate drive circuit 168 
which, in the preferred embodiment, ccsqarises a type 
TC4427EQA dual gate drive integrated circuit manufactured by 
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the Teledyne Semicondxictor Corporation of Mountain View, 
California, output terminals 170 and 172 of the gate drive 
circuit 168 are coxmected through capacitors 174 and 176 to 
primary windings 178 and 180 of gate drive transformers 182 
and 184. A secondary winding 186 of the gate drive 
transformer 182 is connected through a resistor 190 to output 
terminals 74 and 75 of the gate drive circuit 114. A 
protective device 192 conq^rising a pair of back«*to-*bac]c 
coxmected zener diodes is connected across output terminals 
74 and 75. 

Zn a similar manner, the secondary winding 188 of 
gate drive transformer 184 is connected through a resister 
194 to ou1q;>ut terminals 76 and 77 of the gate drive circuit 
114. A protective device 196 is connected across the ou^mt 
terminals 76 and 77. 

She operation of the DC/DC converter 38 will now be 

described. 

When 12-*volt: operaldLng power for the converter 38 
is initially siqyplied by the bootstrap circuit 56, as 
previously described, an enable signal received at the 
terminal 104 (Fig. 4) will cause the logic circuit 106 to 
generate an activating signal upon its output terminal 108. 
Xhis activating signal is supplied to the enable terminal 109 
of the control circuit 110. The control circuit 110 then 
generates variable-frequency output pulses over the output 
terminals 112 and 113 and supplies them to the drive circuit 
114. These output pulses are supplied over terminals 74, 75, 
76, and 77 to the YECs 62 and 64. This causes the FETs 62 
and 64 to altematingly switch between opposite conductive 
states as specified by the pulses generated by the control 
circuit 110. That is, ^dxen FET 62 is rendered conductive, 
FET 64 is rendered nonconductive and vice-versa. 

In an initial condition, before operation of the 
FETs 62 and 64, capacitor 78 and 80 form a voltage divider 
across the input conductors 50 and 52. Thus, one half of the 
battery voltage appears across each of the capacitors 78 and 
80. When the FET 62 is first rendered conductive, half of 
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the current through the FET 62 arrives from the battery 40 to 
charge the capacitor 80 and half coses fxtm discharging the 
capacitor 78. 

The FET 62 is then rendered nonconductive and 
5 PET 64 is rendered conductive. In this state, half of the 
current through the FET 64 comes from the discharge of the 
capacitor 80 and half comes from the battery 40 charging 
capacitor 78* 

Switching of the FETs 62 and 64 causes current flov 
10 in alternating directions through the primary winding 84. 



20 



This in turn inauces current through the secondary winding eo 
which is rectified by the diodes 96 and 98 and filtered by 
the inductor 100 and the capacitor 102 to provide 12-volt DC 
power at the output terminal 94 • 
15 At light loads, that is, when the current drawn 

from the output terminal 94 is low, capacitors 78 and 80 
continue to act as a voltage divider • Thus, the voltage 
across the primary winding 84 is approacimately one half of 
the battery voltage. As additional current is drawn from the 
ou^t terminal 94, the voltage at the terminal 94 tends to 
decrease. This decrease in voltage is sensed at a voltage 
read te rm i n al ill of the control circuit lio. 

The control ciaxnxit lio increases the frequency of 
pulse signals delivered through the drive circuit 114 to the 
25 input t ermi n al s 74-77 of the FETS 62 and 64. This causes the 
FETS 62 and 64 to switch between conductive states at a 
faster rate. Current through the primary winding 84 ^n^n 
increases and the voltage at the junction of capacitor 78 

and 80 begins to change according to the relationshio 
30 lAWT *^ 

AHV = c. As more current enters the capacitors 78 and 80, 
the voltage across each of the capacitors increases. The 
voltage at the junction of the capacitors 78 and 80 increases 
when the FET 62 is rendered conductive and decreases when' the 
35 FET 64 is rendered conductive. At this time, when either of 
the FETs 62 or 64 is rendered conductive, the voltage across 
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the prii&ary winding 84 is also increased, thereby restoring 
the ou^nit voltage level at the output terminal 94. 

At ^nav^iMim rated load current, idien the PET 62 is 
rendered conductive, the junction between the ciq[>acitors 78 
5 and 80 reaches the full voltage of the laattery 40. In this 
condition, the capacitor 78 is . coinpletely discharged and the 
capacitor 80 is completely charged. When the FET 62 is then 
rendered nonconductiva and the FET 64 is rendered conductive, 
the full ba1:tery voltage is applied across the primary 

10 winding 84. Then, the voltage at the junction of 

capacitor 78 and 80 decreases to zero, as the capacitor 78 
becomes conqpletely charged and the capacitor 80 becomes 
completely discharged. 

When the FET 62 is ne3ct rendered conductive, the 

15 full battery voltage will again be applied across the primary 
winding 84 » If the load at the output terminal 94 is further 
increased, thus attempting to draw additional current above 
liiav-inpTm rated current, the converter 38 will begin to limit 
the amount of current siqiplied at the output teinninal 94 and 

20 permit the voltage at the output terminal 94 to fall. 

In the preferred embodiment, the control 
circuit 110 comprises a resonant mode controller chip, even 
though the FBTs 62 and 64 are not arranged in a resonant 
switching circuit. This permits more precise output voltage 

25 regulation to be achieved. Each FET 62 and 64 is rendered 

conductive for a specific length of time. The resonant mode 
controller chip is used to change the frequency at which the 
FBTS 62 and 64 are rendered conductive and nonconductive. As 

* 

the load at the output terminal 94 increases, the 
30 capsicitors 78 and 80 become altematingly fully charged and 
fully discharged during each cycle, thereby limiting the 
power transfer to the ou'^;mt terminal 94. To compensate, the 
control circuit 110 commands the FETs to operate more often, 
that is, at a hi^pier frequency, up to a maximum frequency 
35 determined by the pulse width of the controller circuit 1X0 • 
In the preferred embodiment, the maximum frequency is 33 kHz. 
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When only small amounts of current: are drawn from 
the output terminal 94, FETs 62 and 64 are operated In a 
"hard svltchlng" manner. Xhat is, the wave form of current 
flov through the FETs 62 and 64 is essentially a square wave. 
As additional current is drawn from the output terminal 94, 
the capacitors 78 and 80 operate as reactive current 
llmlters. Thus, the character of operation of the FETs 62 
and 64 changes from hard switching to soft switching. At 
heavier loads, irtiere hard switching losses are usually 
highest, the capacitors 78 and 80 are fully charged at the 
end of each cycle ^dien the FETs 62 and 64 must be rendered 
nonconductive. The result is that no current is switched and 
there are no switching losses during that portion of the FETs 
operation. Switching losses are thus cut in half at hi^ 
loads, and the efficiency of the switching circuit including 
FETs 62 and 64 increases under the conditions when hic^ 
efficiency is most needed. 

In an alternative eaax)diment, the total capacitance 
of capacitors 78 and 80 could be combined into a single 
capacitor 80, and capacitor 78 eliminated. However, under 
t^^g configuration, twice the average current would be drawn 
from the battery 40 during half the time. This would 
increase the amount of current ripple in the circuit. Thus, 
it is preferred that the configuration of Fig. 4 be provided. 

It should be apparent to those skilled in the art 
that various modifications and variations can be made to the 
present invention without departing from the spirit or scope 
of the invention. Thus, it is intended that the present 
invention cover the modifications and variations of this 
invention, provided they come within the scope of the 
appended claims and their equivalents. 
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What is claimed 2 

1. An electric vehicle voltage converter for a 
vehicle having a battery siQ>plying a battery voltage at a 
pair o£ terminnlBy the converter providing DC ou^nit current 
iq> to a ntitxinnm rated current at an output voltage below the 
battery voltage and conprising: 

first and second input pover conductors for 
covqpling to the battery tesnninals; 

first and second electronic switching devices each 
coiqirising a control terminal and first and second switching 
terminals, the first switching terminal of the first 
electronic switching device being coupled to the first power 
conductor, the second 8%ritching terminal of the second 
electronic switching device being coupled to the second power 
conductor, and the second switching terminal of the first 
electronic switching device being coiipled to the first 
switching terminza of the second electronic switching device; 

a f iret capacitor having a first capacitance and 
first and second capacitor terminals, the second capacitor 
terminal being coupled to the second input power conductor; 

an oul^nit transformer having a primary winding 
coi^irising first and second primary terminals and a secondary 
winding, the first primary terminal being coupled to the 
second switching terminal of the first electronic switching 
device and the first switching terminal of the second 
electronic switching device, and the seccmd primary terminal 
being coupled to the first capacitor terminal; 

an output rectifier circuit coiq>led to the 
secondary winding and having an output terminal providing DC 

output current; and 

« 

a control circuit coiqpled to the contnl terminals 
of the first and second electronic switching devices for 
activating the control terminals to altematingly switch the 
first and second electronic switching devices at a variable 
rate in accordance with ou:^nit current demanded from the 
secondary winding to altematingly supply charging current to 

SUBSTITUTE SHEET (RULE 
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and withdraw charging current from the first capacitor, the 
first capacitance having a value such that the first 
capacitor is substantially fully charged and substantially 
fully discharged when the control circuit operates the first 
and second electronic switching devices at a rate to deliver 
the maxlimnn rated current. 

2 m An electric vehicle voltage converter as 
recited in claia 1, further coiqirising a second capacitor 
having a second capacitance, a first tenoinal coiq)led to the 
first ciqsacitor and the primary winding, and a second 
terminal coupled to the first input power conductor, the 
first and second capacitances having values such that, the 
first and second capacitors are substantially fully charged 
and substantially fully discharged when the control circuit 
operates the switching devices at a rate to deliver the 
TnaxiTtnim rated current. 

3. An electric vehicle voltage converter as 
recited in claim 1, wherein the control circuit comprises a 
resonant control circuit. 

4. An electric vehicle voltage converter as 
recited in claim 1, further comprising; 

a pair of drive tz«usf ormers each coupled to one of 
the control terminals; and 

a pair of drive circuits each coiqg>led to the 
control circuit and to one of the drive transformers. 

5. An electric vehicle voltage converter as 
recited in claim 1, further comprising a bootstrap power 
siqiply circuit coiqpled to the battery terminals for supplying 
start-nip operating power to the co ntro l circuit. 

6. An electric vehicle voltage converter as 
recited in claim 5, ^dxerein the bootstrap power siqpply 
circuit comprises a bootstrap transformer having a primary 
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winding, a pair of switching field effect transistors, and an 
activation circuit for selectively operating the field effect 
transistors to altomatingly conduct current from the battery 
terminals through the bootstrap transformer primwy winding. 

7« An electric vehicle voltage converter as 
recited in claim 6, vrtierein: 

the electric vehicle voltage converter comprises a 
power input terminal for receiving externally siqiplied 
operating power; and 

the bootstrap power supply circuit comprises a 
cutoff circuit for deactivating the bootstrap power siqpply 
circuit, a detector circuit having an input cot^led to the 
power input terminal, and an output coupled to the cutoff 
circuit for deactivating the bootstrap power siqyply irtien the 
eactemally supplied operating power is above a predetermined 
voltage level. 

Bm A method for converting power from an electric 
vehicle propulsion system battery from a first voltage to a 
lower second voltage, at a rate up to a maximmn rated 
current, comprising the steps of: 

altematingly 8iq>plying current from the battery at 
the first voltage in first and second directions throu^i a 
series ccmnection of a transformer primary winding and a 
capacitor; 

simultaneously drawing the Tnaximinn rated current at 
the second voltage from a secondary winding of the 
transformer; and 

substantially fully charging the capacitor when 
current is supplied through the primary winding in the first 
direction and substemtially fully discharging the capacitor 
lAen current is siqsplied through the primary winding in the 

« 

second direction. 

9* A method as recited in claim 8, ^rtierein: 
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tbe step of altematlngly supplying current 
coiqnrises supplying current from the battery at the first 
voltage in a first direction through a series conneotion of 
the transformer primary winding and a first capacitor and 
supplying current from the battery at the first voltage in a » 
second diroction through the transformer primary winding and 
a second capacitor; and 

the step of charging and discharging conqprises 
substantially fully charging the first capacitor and 
substantially fully discharging the second capacitor when 
current is supplied through the taransf ormer primary winding 
in the first direction , and substantially fully discharging 
the first capacitor and substantially fully charging the 
second capacitor when current is supplied through the 
transformer primary winding in the second direction. 
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